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Table 1- Physical and chemical properties of soil experimental site
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Table 2- Meteorological data of the agricultre Khorramabad station in 2013
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Iy Oilidl cpl a8 1 )5 sdalie (1ald Hlog 4 Cumd 1o )dYY/F)
DT 08l S S50 ke (5t dlge W 4 ol e
L oS« JolS (o lol Laslps 5 ol s SA (galiwgas S
A5 5 gy SMapli] s oo bl IS 5] 5550
2 548 o A 1) BME Dlusi (1 5 i (6 Fiawesd dlgo Cuwlio
S5 2 5 3980 Jolo gl ol 35 8l o s e
Imam and ) 55 3 o 45l g B Do ialS ccely Lis
od il Lo J5 5l B3y (IS Li5 > (Zavareh, 2005
a5l s adyy g drwss (glp (BB Cljamgs S cdl > 4 3840
5 ol syl b a8 34500 yieS &l slasi ol g i simlyso
5,8 3,y cdllas Mastrodomenico ef al., 2013 iolajl
shoby Lioli 8l s 2 VO/A dgis mye yio )0 1y Lgw aild sluss ¢ g3,
e 03,8 8y 03,5 Ayl (g Jiiw 3 (59, paits &Sl
Morshedi and ) 355 o a5b JSis o (Slidled )5 iul58l 4
Sl asb slis p Sladluswl (b Jsloxe .(Naghibi, 2004
clale ;3 SYYVF/ AL ke (o 5t (i Jlesl b g ansliS

Voo leoe/d clale islhas g)lol )35 Jols Ve Lo 5

37Skos 3 of s ol 51l (29) 0y (e 5l e
A A wbre LS (0 p 58 LS Cuns p dil (64, 3 Slas il
hoslawl b odly i dpuloee a5 peadddy 35 (g y 3 ySlos
Oge5l 3 oaliil L b pSile g osd 4555 SAS (g lol ,l3le 5
A wbro gly B0d dunlie doyd g paw jo SSb (glaebais
. 03zl MSTAT-C lidle s 5l Sissers o o

Sy g b

b ) giae (B9 3Slae 2 i ples l (s)lul b

S92 I gime 028 (5 pSojlal Clas ples p Sebdlosed 5 (55, S
ol o )3 D Gxe M dgng WSy ¢y Y ime pl &S
DS w iy b gine il Cov mpeyio 5 ail sl (¥ gds) cul
S @9y bes Al ke 285 518 SA 5 o)
Sy o b g sl 3la @ yopio 1 AVAVA/D L SA Yo Juo
(Fdsn) <5 8 aelito )bl 09,5 1> SA Voo Joor /D 5
Moo 105 55y (3 slxe cogllae yll bl )3
ad L as cdb ) glie cp YL SbYWY/F L Slowdlo sl

(i Il )3 a8 Jhee p Cul dtihy (g)b pxe BB Zolaw



IWAB limo) F oyled IF alr coll (25 Slbebgzy 4pds  VYP

o o ool Gliel L ials s pes 4 el w5 Slas
(¥ Jpi) 352 5813 50 35 s > Shac
38 3 oy e (ke SA 5 55y hlite Sl )
53 el G Ao dOVEIVY lieds SA Ygo Lot/ g (¢4,
09)5 Sy 3 s)lel il (g9 ol SA Yo Lo S clale
9 SA Voo doo [0 wlaw iiSmny )3 (7 Jou2) 28)5 )3
2 OFgy e Sl gy (iS5 Jlop Laulyd 93 8 3 (s,
Ot 4 4l 44 Gilil el SA Ll bl agi il
S 9 03 asbgw dlox I (29 ol a (&S (Shy
Juo OYOINY e & Sidillosnnl jY 50 Jior /0 clale 5 lude
s )8 g)lel 09,5 o )3 SA St cbale b g b s
9 203V (gngby (5 pae balpd )3 SA Vg0 it /0 5,8
=l Je 3l G ] g oliee 2o g GBS Ly 3
Oy Ol 2 raitee GRIBI Gage 2o DYOINY ke L (55,
Banks, 20045 U gl cpl a8 (¥ Jgds) cul oads &l
Sleoliss cdlad 5l 658 sls el (g9) 0508 )b cillas
@ 03,8 g b Slylud 4 joie g osd colaST 5T slas 5
Cel Wlgos (59) mais 39S ) cpl Sl 2980 (s sLis
ol iyl8 .( Yilmaz ef al., 1997) d4i 4y (9; (l5me Lials
il 5,Slos o ) dVA sald b duslis )3 (g9, (bl Jsloxe oS
Amd e lalidl]) Al (g hopd GBS g () Olise 2oyt
op=ieS o6yl slajles ;> .(Morshedi and Naghibi, 2004)
(YJedn) cush Bl i jlas 4 (o dVF/Y) ab g, olise
Lo by gy dmoyd g G5 ]y (g dop> (Sid 35 gBly
Amd e Il (A gi2) o9y 2o b (e (Siuson & a2y
Bouchereau .ail o oLS Sty ;3 g Jdoay clls oyl as
P UM cledy Cadl (Son yol ol S wiils Hblet al., 1996
b il 4 Mol J51 & conl 5,0 (Splie slann] )
2 o) Moy yhals s woby o) 55 Zahedi et al., 2009
ddome Jil g jrgs Gials Jdse obj Jles! 4 (Sis
Aoy Eslam et al., 2010 jisLojl 1> 4 Sy90 5 .Conl 039
2 8528 L8y 5 St 1 586 cos wb oég,
o=l 90,5 oo 1y aiulbl g,y 4 g, oy (JolS (o5l
SLaShy o ool (Stumed culpd 29 bz & il
Eyoyio > aib ol b gy doyd a8 Wdhy LS w390
b oYL (Siuen (r=o/VoF**) ashy s Slee g (r=o/va\**)
(5 Ly > 53535 5 SA GBIl S ) s (A 522)
g 00l ol 51 Laas Lol ey (o )3 1y (g35mo gy (€9, 3 Slas
L s o)lsl a8 565 clod sy gxe (695 0 (sl (S enp
s yonie Sl Jp 2Bl inlS s, 2oy SA il
Sediclosnnl oS Bpno b cplply s (84, 5,Slas ials

L SA Yo lo G cbale ¢ oS £439 L g (sou0 )2V B3I L
owlyls 1y aby sl wSlis sald & Cuns (g0 )dYY B3
ash ol i baly b Sl wdlwal (51581 L (ol ol
g aald jlas b anlie ) dlge balyd 4 cand (650
Jad Job )3 a5 1) 5 Sdes ialS 59y 20) (B 532) 2950
aage balyd 3 5 At e 29 dpaen b sl Sl
bulyd 1 (S 53 p)S sV ¥O/) (g 5t 4l 3 Slae il oy
il g (galS cinge (g9) d9eS A el |y
90> Sas o] ublato 45 0ud (g 5 Jslme Gl aimg: S
ol s (Efe and Yarpuz, 2011) b o sialS 35 il cuas
odlawl Wl yLis 45 Pable and Patil, 2011 gleasl L jiag}
33,5 (0 g oS 53 s 3o (133l e (59 paic
A Caus a3 Slas a0y ialS Cago 5.0y cisllas
o olge b o Sles (alS ] (FJa2) 43 Cgllas ()l
Jdoas Yl aS sl Caus 0LS 3 (gjlwosle g jiiwgid ials
Sy il adl Jisl plie dlge o S5l Ll jolie Cls ials
oy LS 5L 039 Ol D98 55 (slasely 45 s 4
A5y ialS Bl O Gl g (lasjey colia lie oop S puadgrlio
Seid i bl 3 )0, Slee ialS )5 3 belgs Sl ety
3 Kobraee and Shamsi, 2012.(Liu ez al., 2004) 1.5l 0
o baly s g0 L 4l 3,Sles (500 ,20Y/¥ B VY tals

48 adnd ) cpinpd Aiah lo 095 Ghagh o ) (Sas
ash 5 Sles g udy Lials 8)S &yaw Mak et al., 2014 lawgs

L ol (JolS ()bl 55 ais osmlie (Siis Loyl )3 Lgw ylalS
ash oy Sloe Cunl diuiles @yoyio jd &ld ol iy (615,63
Yoz 45 wles adgi |y 55 (035 balyd §1 St 1Y)
g e yolie 4 olS wyiwd Colild (5 Yo Ay 09 cleay
G ye il 0 3 Slae Ll s 2 5 ot i
38es 29 9o i G5 Lyl )3 ogadd Sl sl
S g 4 bgpye caly g3 o 3 b 3,Slas 5 43
Ol by SAcute 5 0SSy 205 il g SA V5o Lo
El-Tayeb, 2005 <Singh and Usha, 2003 ale> ;| (¢, 5>
S wdlodl clale (i)l g 59y Bpas b .Cosl 0l )15
alan Mo dali jlad ) Cans Lgw 4l 3 Sl giojo¥r iliél
bulyd 3 SAY 9o e o 5 595 Pl Spae b (FJga2) 23
Ol a0 dals Jlaws 51 500 plpV/E b 5 Slee ¢ i
LS Sl 039 e lo cnl 3 (S 4 Joo 005 wiS
Sy JUs] (il el olS St 5 A5y 2 5ot w6 Jdo;
ol o 3 ySlas (inli8l 4 e Colpd pd g 0 il 44 olie
ooy asb ol g ash oy Slas ey YU (Suod D929
Sl b cogapn ol Olyuss o5 sy o oLt (r=o/°\aA**)



3y Slas calols b 4 4o b .3 dgmg o, S0kl (r=o/V°\**)
Ioiine Lol (iiSmny 5 SA (g9, ool DIl o s (g
Slgash oy Slee 1y oo oo |y o ixe BMiS] 3959 pac .0
Cbale )3 gy 3 )Shes (Pt i (B9 doyd (B
A odyd bl 4y Cannd (g0 )WY MR L SA [Y g0 Liot /0
L plpln ccils Yoo deo o clale b ()b gre Cglis 45
L cadl pials g 3 Sles Silondludonl yolae il58l
s SA Y o e o 5 /0 sacdale b plgs (59, bpuan
405,5 asude b e Gilil g 5Sles 1o VYR 5 £/A
oLS 3 59y (b lne olpondy Sbowdlosnl clale iol3l &8
g 59y 3yShes (i (St Jgman s Lgw
Uramadny cogllaolss byl b &S Wileols 4L cldllas (5 Jaus)
ey ow |y by s coas g b Syl (S (S
O 394aS Lyl b 5> a8 ol 4595 b .(Anwar ef al., 2006)
9 59y B0 &y by (-89 9 4l 3 Shes Bl 5
Cape g 45)b Slaw opl (S BB e (id Sdanlodwl

D51 LilgS 4b oy (9 he osllae 3 Slas ()51 Cunday

(8 35 4ol

ol byl b o bgw ol 405 1 (g5 pais jl ool
9 = Ui sqw gl ials o 1y glalasMe BB jids o g,
clale o3sd Silunllodiwl 5 (g5) 3,5)5 5k olS 5, Slos dops
3o Sl Joan sl sless cn e Glsied ;Y e ke S
55 Ol Sl i sl i Ll ) aly
b Jddsay ;¥ o S clale g &S o Jodad o |y by yy s
g |y 5t a3 Slas cpyo o 53 i il dlaad 29
g awlS 4l 5 Shes g 49y dopd e oS bulpd )3 ules oo
ald 5, Sloe l5ae o yieS” (5 Jlosl b oaib 03938] (puiig et
5 by ol b ialS @ gl e 1y Lials cpl cde el cuns 4
2 b oS b 5Slas 1> 5 slip! jl (S Glaisd @iy o
b (0892 9 59y 20y3) 6 CudsS S ha (A5 g de bl
oS b Jodomo sl candds SA [Vgo Lot /B ¢ 59y 5,18
ade s e (8158) Coge Silomdludwl 5ol cdale b gw
Nwon 451 5y Slae ab SA G pns pas b dunlio o 29,
Al yegy 0, Slas 5 auye o b ol b (gl gize 5 Cuo
Jeadody (55 balyas po &y (g g 185y 3)Ses LialS il
ol &by 3 Slas il

Ol lFes ) 09y 2,8es (S (29, 20> Gl e
S SR 0Fg) 2 8es U 59 (Abslre (izen 25
El-Habbasha, and Abd El-Salam, 2010 g5 &b (¥ Jgi)
g & 5 Slas Sy g £LD (59 (AL Jglne lads Dl GIEIL «
Kidman and oy92e (6,505 olSuiagh 8l (ldl oés)
WU Coos wBigp g gy 3)Sdes a5 wisly oL Paul, 2001
3pSes (i balyd )3 .85 58 (Brae 59y slde Sl
(Fdsiz) el (ol Jol (o)l 4 Cod 20 VY o8
285 )5 sy 5 Sl S a8l o6 Lgw oty 3Skee
L 55 cotlidsoe 5 ogdlae (o)l 53 Jado oy Sty
ogi ol 3 (Fdgaz) €85 (3l LS )3 p)55LS00/0)
O 3y Shes 5 4l 3y Sloe i ()P ixe 5 e e
gy Loy SIS oy co 5 4 (Adgz) )b 292 (r=2/207)
popasay b gy 3 Skas il 5 e ol 51 s 3,Shas
4 bgoye Lulul 89, 5,Skes @lyuss 10 0l o6 bl )
)b Slesealackson, 2000 zuls b &S ol &ils 5,Sloe iy
9 93 LS wiym 0dlw ciuloll olajlos plod jd Cpigp duo )y
Byan (Y Jgiz) 15 oz 5kl 3 SA Jlos jl pé asloau
Al pgm liwe s el SA Yy o Lot/ 5 (59,
5 by G baulyd 3 ad (S bl 5 (0o, 3FYIVY)
)5 5 oLl 09,8 Sy 55 (59 sk SA Ve Jae/d
mes im0 Joale S 4 St Selendlodal 35 clale
S clale g0 b o Al sy Hlade LialS el a5 odg0d
ey e pyieS Cal o )] (do,SYA/EY) Lioli8l cage
0399 (ibolisS zgo G b b oS (A Ll )5 b
2 4S8 Dy b oo dld pd Awlids 0y3d lo yialS 5 Loy A
Sajedi and Rajali, ) bb o ial33l &l (pZgp doyd )] doess
O ylsse )38l b Roustaie et al., 2012 zls 5.l (2011
2 ORI nl &5 b oo I}l Ligw > (g Aoy (g
sy G5 bl 3 e 5] P25 g ol o S8
el (g9, jl oslaiwl .(Pour Mousavi, 2005) s a3 (g9,
2 9y 6518l .l oad 2o YN Sl 4y puig yial8l
pac balyd 5 il gl b 45 s psbas 039 e (olnS Laolpd
ORIl o3 gy 9 S 3930 iy elig e B 9 S5
193001 &S a5l S cdld a4 Y] il clde cal
slacJld 4ot L g 0g-d e badyo Alud (g cSlo
Banks, g5 b 45 w3l gloysd clooyuisn Lhalidl 5 (Slsiio
S pais Spanl bgw &b (i Olie (1P 2 (e 2004
9 Oy Ao b (ke (Siwod (w89 dop> 0)b llas
Naseri et al., olLi)lS b (A Jsds) cunl aily «ly 5,Sloc
b $9) 9 an Ol O P 9 shie (Siran 2010



IWAB o) F ojlods IF wler cylal (o515 Sleedeoly arpits VYA

159, Buer apdnw s,ueoun Fuisn (oA AN1qeqold o4 Je JuaIeIp APuedlIuSIS J0U dIE (S)10)9] Jeruwis £q PIMO[[0J UWN[NOD Yoed Ul SUBIA]
ol QA0 gp (|57 <60 opl o s K e (D Srv qpomp? qies® o€ oo [wre* 82 cCor b oo oo

q01°0¥L B90' ¥ 9999 LyY 89'vCq 9 L1081 J68°LYET ! 0zl
20T 1€9 q90'6¢ PoTy'L8E 60'vCo P S8091 P 680881 0
BEe8 JL59¢ BLISSOS 66°SC®e B $'06CC B T0°L00€E ! 09
906'60L 26¢°9¢ q98YTS8Y 'sce qgelcel 9 65979C 0
H .
(.ey (%) (%) - uurer (.eyp  (uonerodead wrur)
)] E@__z w01 g JUIYUOD UINOIJ (-84 33) PPY IO JURUOI IO (1-&y 3%) pri< uress AR _o=_N uoneJLLI
sopslc ¥eer?  <Co Koo qpe sorste (650 Come €650 qpev sorsieqee avye v o ot %5 M
uedqAos Jo syen parnsedur uo uoneddde 1e1jo) dUIZ pue SSAI)S JIDIJIP 19} BA JO JI9)J9 UOLDBIN U] -f A qE L
b 3- KV gm® e Y Eongb e (69 K o ferifo gH 5 oo by
159 [, 98uel 9dnnw s,ueoun( Juisn [oAd] Anjiqeqoad 946 18 JudIdJIp APJUBOIUSIS J0U dIE (S)I9)9] Je[IWIS Aq PIMO[[0] JOJOB] PUB UWIN[NOD OB Ul SUBIA
o€ o et 6K @ e AP 5 0|9 b ol o e K e (A0 Sv ey s < R e B2 o o e (S ey
BYSTSLL qTy8¢ B 6805 B 90°ST B 6'520C B 890°0£5C !
B6CO8LL B £9'6¢ BZ90°10S B EEST ByTL6I B S0TTYIT $o
qQLETEY dTL9E q199vcy qvyve qeseLl q990vcce 0
BSS98L B L8E B 160°0CS B EEST B6'SY0C B8SY'LLIT I
qQISS0L9 qQ8'LE qQLECIEY qesyT qQTOoLLL q EvLESTT 0
B G989 B 90°0% 091vq 9% qeve qrIsoLl qe6Eviic 0¢l
BE8YILL q¥9¢ BT8E0VS B GGC B60LIC B 808918¢C 09
(%) 1uayu0d (%)
(164 3y) uro)o1 g (.24 3¥) JUd}U0d 10 (,-8q 3¥) - WWELH () (.eqn  (uoperodesd urur)
PRK U)ol e PRY IO . PRIA ureas ok proe ddifes duz uonesLLI
LE i : : = S (13 g
S S I G L S e ey

uvoneddde 1eIj0) puE SSII)S I9)BAL JO S[PAI] JUDIJJIP Y} UdOMII( SHEI) JO uosLIedwod ey -¢ I qel,
<6 (- o A IS oy o6Ce Ko™ BO g6 2 onorpe er© MQ_MJ 6 SﬁmﬂJ?uJ o om (v € €65



AR

359 ], 98uet sjdnnuw s,ueoun Suisn ‘JaAd] A1j1qeqold 946 e JuaIogIp APuedyIuSIs Jou a1k (S)I919] Jejiuls £q pAMO[[0) UWN|NOD OB Ul SUBIIA

o€l b0 A gp |9 Kb vl o @ K oo (A0 Srveperey? s o o <m0 B8R ot @b w9 oo

B L90°€€8 €€8¢eq B 19¥"81S qsc B'G8IC B pSGL8T [
qe LEY'SO8 66'6€® BOLY EES B £T9T qTTeoe B 9008LC §0

dSIICL 8L€q q91€8LY 9q LL'YT q 66161 9q LL'9LET 0 !
STYYLIL s8eq q6LE 691 qIrec 2 €'9981 PO $T8'S8IT I
9'0SL°9¢CC 8To6E® 4929891 q VYT qeerel q £0'70ST 0]

P 685 €¥S d2¥9'6¢ 2900°0LE ° A_ _.WN P 80EST P 9€1L0T 0 0

Y
(e 3%) (%) 3U2}U0d U1 (4 3Y) JuRyu0d IO (-4 33) Lwuread (ww) (_eypourz
PRK uId)01g o PRX 10 pRIA uread . pReOAdIES !
sopste K60 Con 6o quev sopcc (60 Nlag sorte cir vy qper o ol LR R 172
o 3 oCom (650 ¢ TS
ureIsd uvdqAos Jo sonsupeIeyd Ajenb pue saneypuenb uo uonedrdde aero) proe J1Ad1 s PUE JUIZ JO J33)J9 UONIBIAU] -9 J[qR],
0 L H ¥ g exapb (e (657 € v g K omd 5077 € 5770 qjev oy
159, 93ues sjdnnuw s ueoun uisn [oAd] Ajiqeqoid 946 e JuaIPIp ApueslyIuSis Jou a1e (S)1919] Jejiwls Aq pAMO[[0) UWINNOD OB Ul SUBIIA
o€ @l b D AR gp o |9 e el 9 @ K e (A0 Loy st o oo o[ FR Lo mfo oS v

qp8 EEL q+0°0¥ d91L'8YY 1$%Co °q L'Tesl 280¥1€T !

99.80°9CL By LY OI'LEY O €6'vC9q O I'CSLI 98L'00CC co

P CET6S dL8¢ P TTT9¢ IL'ETP SoEsI P P 61€8C8I1 0 0cl
BLO6I8 289¢ B 10°69S Qe 95T Bl6lCC q88CTLYLC I

B £8'6C8 P E8LE B EV'Y9S €Lsce BoE6lT B 81E€80¢ co

2 L0°699 J VL YE qsIeesy L1"SToqe q20c6l 918619¢ 0 09
(e 8y) (%) (B30 (o) yumuoopg  (FUE) . wurers () (uope1odeads wur)

PRK urdj0Ig U UO0D UI)OIJ PPK IO PP wers . proe J1dnes uonesLLI
sopsle Kéew?  lor KéeiOqr songlc (650 cCo a0 e sopsfoge T ol R e g e

uedqAos Jo syen parnseow uo uoneddde aeroy proe d1jAd1es pue UONESLLII JO 139}J9 UONIBINU] -G QB L,
[ 0-HaV s (T S € exaf PR mtrem g # omd v fa g5 v ey



IWAB Glhumo) P ojlods IF wlr cylal (o515 Gloedudgly arpits VY

6

#

el o (9 o oo e R € B Coy

K[oAnoadsal ‘sjaaa] A111qeqoad o451 PuB 9,6 8 UBIYIUSIS iy 4 PUB 4

1zcro 5060 31670 71870 Torsie KD preif urejord
$8C0- 18C0- 90€°0- o 63O qiev JUQIUOD UIS)OI
L6060 L1160 sose (650 pPIeIL IO
L90L°0 L 1SL°0 cfome (650 qep JU2IU0D [10
106°0 o5 qjee ploIk urein
JUI)UO0I UINOLJ PRIA IO JU)U0I [10Q PRIA uread N*w. ureis .
Con &6 os0 orsfe (650 o€ o (650 sopste qjev covje gjev o ok KR oo ) sonsLIdjIBIRY Jue[d

spudun) a1y uonedidde 1e1j0] PR e JJAJI ¢S PUE JUIZ ‘UOD ESLLIT Ul SONSLId)IEIeyd jue[d uedqAos uddm)d( S)udI}Jo0d uon e.LI10d A durlS -g JqEL

S - i i g 50 e e o €€ 0 S g DA €690 6 v

€l b A0 gp (|57 <6 ol o s & oo (oD SrrepryS” cies? o oo (o0 R o b e oo

359I, d8uer apdnnur s,ueoung ursn ‘[aAd] Anjiqeqoid 046 18 JueIdlIp APueoyIuSis jJou e (S)IePI] Je[Iuns £q PAMO[[OF UWIN[NOD YOBd Ul SUBIJA]

qe 09't6L qQTrov P2 990°9Lt 3P YT YT 2 L1961 29 686'TILT I
P39 0€'16L v TLTh 9p 98€°65t qe £1°97 P LSLI 2889'L¥HT $0
POY'HLY q500f JLYS'86¢€ °L9°€T P 9°€891 P 600°€881 0 I
pSTSLY qL96¢ P LSYITH o 8L+ P L'00LI pELISI6] I
PO L20L qQsr oy PoIsYIY OYLET P ELYLI P 9L8ES6] $0
09761 pageLe 8.L0092¢ 96L€T Y LLET P €9 ELLI 0 0 0zl
BEOILS %p £T9¢ ©968°079 qe LL'ST ©T90tC qe [01'8€0€ I
B 79658 PISTLE ©809°L09 ©7E9C Qe ¢'L0ET eHEpTITE $0
P39 66'LIL 366ce q.980°85S qe L8'ST 29 7981T Qe 7€5°0L8C 0 I
P39 €L°65L PoLELE 99 Z0ELIS 9qe 15T 22€0T 29Lt'95HT I
qe 69'86L OTH'8€ 99 LEY'TTS P9 €1°$T 99'6L0T qE H0TYS0E $0
905 1LS Je6ee P S0091F 3pd 84 ¥T PI'¥891 9 €01'69€T 0 0 09
o, o,
(.-eyq 3Y) Eo«:hu\ﬁv_ﬁem (,-eq 3y) E&m_%ov o (,-ey 3y) W uei3 (JAur) (_eypouz (vonerodead wur)
PPK uId)0I1g . PRK IO - pRI& wrexs KR E;o« o_m»om_,mm I- osm ; :o_w&:b
FTSCHED e WG 0 o7t (650 P At S i (F

ureIs uedqAos Jo sdnsLvIeIeyd Aienb pue sapeuenb uo 309539 uonde W JdLIY -2 dqBL

S0 A-H Vs e gev K oo 507 6 ST v 6



2 S SA Yo Joo Ko g (5, 5l bl ol 2 2l o0 o Slino | (S 3 Cundlys oS G5 Senl g L
A gl Siladlosl Yoo Joot/O L g5y Bpae 5 YU oty 59 38U cggere 13 Lol iiS Jlosl (5 5t i 00

Dged odlatwl i bylyd 13 ole o kS 5 S0 30 YU 50 (g9 peiiuns yilodiad L oyl aS gy 5 i
References

1. Akay, A. 2011. Effect of zinc fertilizer applications on yield and element contents of some registered chickpeas

varieties. African Journal of Biotechnology 10(61): 13090-13096.

2. Anwar, F., Zafar, S. N., and Rashid, U. 2006. Characterization of Moringa oleifera seed oil from drought and
irrigated regions of Punjab, Pakistan. Grasas Y Aceites 57(2):160-168.

3. Asadi, M. A., and Faraji, A. 2009. Applied principles of agriculture oilseeds (soybean, cotton, canola and
sunflower). Agricultural Extension and Education Publications.

4. Ayad, H. S., Reda, F., and Abdalla, M. S. A. 2010. Effect of putrescine and zinc on vegetative growth,
photosynthetic pigments, lipid peroxidation and essential oil content of geranium (Pelargonium graveolens L.).

World Journal of Agricultural Sciences 6(5): 601-608.

5. Azimi, M. S., Daneshian, J., Sayfzadeh, S., Zare, S. 2013. Evaluation of Amino Acid and Salicylic Acid
application on yield and growth of wheat under water deficit. International Journal of Agriculture and Crop
Sciences 5(8): 816-819.

6. Bagci, S. A., Ekiz, H., Yilmaz, A., and Cakmak, I. 2007. Effect of zinc deficiency and drought on grain yield of
field-grown wheat cultivars in central Anatolia. Journal of Agronomy and Crop Sciences 193(3): 189-206.

7. Banks, L W. 2004. Effect of timing of foliar zinc fertilizer on yield component of soybeans. Australian Journal of
Experimental Agriculture and Animal Husbandry 22(17): 226-231.

8. Belkhadi, A., Hediji, H., Abbes, Z., Nouairi, 1., Barhoumi, Z., Zarrouk, M., Chaibi, W., and Djebali, W. 2010.
Effects of exogenous salicylic acid pre-treatment on cadmium toxicity and leaf lipid content in Linum
usitatissimum L. Ecotoxicology and Environmental Safety 73(5): 1004—-1011.

9. Bybordi, A., and Mamedov, G. 2010. Evaluation of Application methods efficiency of zinc and iron for canola
(Brassica napus L.). Notulae Scientia Biologicae 2(1): 94-103.

10. Bouchereau, A., Clossais, B. N., Bensaoud, A., Beport, L., and Renard, M. 1996. Water stress effects on rapeseed
quality. European Journal of Agronomy 5(1-2): 19-30.

11. Chandra, D., and Khandelwal, R. B. 2009. Effect of zinc and phosphorus on yield, nutrient uptake and oil content
of mustard grown on the gypsum-treated sodic soil. Journal of the Indian Society of Soil Science 57(1): 66-70.

12.  Drazic, G, and Mihailovic, N. 2005. Modification of cadmium toxicity in soybean seedlings by salicylic acid.

Plant Science 168(2): 511-517.

13. Efe, L., and Yarpuz, E. 2011. The effect of zinc application methods on seed cotton yield, lint and seed quality of
cotton (Gossypium hirsutum L.) in east Mediterranean region of Turkey. African Journal of Biotechnology
10(44): 8782-8789.

14. El-Habbasha, S. F., and Abd El-Salam, M. S. 2010. Response of two canola varieties (Brassica napus L.) to
nitrogen fertilizer levels and zinc foliar application. International Journal of Academic Research 2(2): 60-66.

15. El-Tayeb, M.A., 2005. Response of barley grains to the interactive effect of salinity and salicylic acid. Plant
Growth Regul 45(3): 215-225.

16. Eslam, B. P., Monirifar, H., and aher Ghassemi, M. T. 2010. Evaluation of late season drought effects on seed and
oil yields in spring safflower genotypes. Turkish Journal of Agriculture and Forestry 34: 373-380.

17. Farahbakhsh, H., and Shamsaddin Saiid, M. 2011. Effects of foliar application of salicylic acid on vegetative
growth of maize under saline conditions. African Journal of Plant Science 5(10): 575-578.

18.  Ghasemian, V., Ghalavand, A., Soroosh zadeh, A., and Pirzad, A. 2010. The effect of iron, zinc and manganese
on quality and quantity of soybean seed. Journal of Phytology 2(11): 73-79.

19. Hayat, S., Ali, A., and Ahmad, A. 2007. Salicylic Acid: Biosynthesis, Metabolism and Physiological Role in
Plants. Salicylic Acid: a Plant Hormone 1-14.

20. Imam, Y., and Zavareh, H. 2005. Drought tolerance in higher plants (analysis of the physiological and molecular
biology) (translation). Center for Academic Publication.

21. Jackson, G. D. 2000. Effect of nitrogen and sulfur on canola yield and nutrient uptake. Agronomy Journal 92(4):
644-649.

22. Kidman, F., and Paul, K. B. 2001. Effect of zinc fertilization on yield, protein and oil of canola. Plant Soil 112:



A8 Glimn F osled IF s 1) (o8l leobagly i VIY

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

327-329.
Kobraee, S., and Shamsi, K. 2012. Effects of drought stress on dry matter accumulation and morphological traits
in soybean. International Journal of Biosciences 10(2): 73-79.

Liu, F., Andersen, M. N., and Jensen, C. R. 2004. Root signal controls pod growth in drought-stressed soybean
during the critical, abortion-sensitive phase of pod development. Field Crops Research 85: 159-166.

Mak, M., Babla, M., Xu S-C., O’Carrigan, A., Liu, X-H., Gong, Y-M., Holford, P., and Chen, Z-H. 2014. Leaf
mesophyll K+, H+ and Ca2+ fluxes are involved in drought-induced decrease in photosynthesis and stomatal
closure in soybean. Environmental and Experimental Botany 98: 1-12.

Mastrodomenico, A. T., Purcellb, L. C., and King, C. A. 2013. The response and recovery of nitrogen fixation
activity in soybean to water deficit at different reproductive developmental stages. Environmental and
Experimental Botany 85: 16— 21.

Morshedi, A., and Naghibi, H. 2004. Effects of foliar application of Cu and Zn on yield and quality of canola
grain (Brassica napus L.). Journal of Agricultural Sciences and Natural Resources 11(3): 15-22. (In Persian with
English Abstract).

Naseri, R., Fasihi, K., Hatami, A., and Poursiahbidi, M. M. 2010. Effect of planting pattern on yield, yield
components, oil and protein contents in winter safflower cv. Sina under rainfed conditions. Iranian Journal Crop
Sciences 12(3): 227-238. (In Persian with English Abstract).

Pable, D., and Patil, D. B. 2011. Effect of sulphur and zinc on nutrient uptake and yield of soybean. International
Journal of Agricultural Sciences 7(1): 129-132.

Popova, L. P., Maslenkova, L. T., Yordanova, R. Y., Ivanova, A. P., Krantev, A. P., Szalai, G., and Janda, T.
2009. Exogenous treatment with salicylic acid attenuates cadmium toxicity in pea seedlings. Plant Physiology and
Biochemistry 47(3): 224-231.

Pour Mousavi, S. M. 2005. The impact of manure on indicators of growth, agronomic and physiological
characteristics of soybean in conditions of water stress. MSc Thesis, Faculty of Agriculture, Zabol. (In Persian).
Roustaie, K. h., Movahhedi Dehnavi, M., Khadem, S. A., and Owliaie, H. R. 2012. Effect of different super
absorbent polymer and animal manure ratios on the quantitative and qualitative characteristics of soybean under
drought stress. Journal of Crops Improvement 14(1): 33-41. (In Persian with English Abstract).

Sajedi, N. A., and Rajali F. 2011. Effects of drought stress, zinc application and mycorrhizal inoculation on uptake
of micronutrients in Maize. Iranian Journal of Soil Research 25(2):83-92. (In Persian with English Abstract).
Singh, B., and Usha, K. 2003. Salicylic acid induced physiological and biochemical changes in wheat seedlings
under water stress. Plant Growth Regulation 39(2): 137-141.

Soja, E. 2011. Tecnologias de produgdo de soja: regido central do Brasil 2012 e 2013. Londrina: Embrapa Soja
261 p.

Wilkinson, S., and Davies, W. J. 2010. Drought, ozone, ABA and ethylene: new insights from cell to plant to
community. Plant, Cell & and Environment 33(4): 510-525.

Yasari, E., and Vahedi, A. 2012. Micronutrients Impact on Soybean (Glycine max (Merrill)) Qualitative and
Quantitative Traits. International Journal of Biology 4(2): 112-118.

Yilmaz, A., Ekiz, H., Torun, B., Gultekin, I., Karanlik, S., and Bagci, S. A. 1997. Effect of different zinc
application methods on grain yield and zinc concentration in wheat cultivars grown on zinc-deficient calcareous
soils. Journal of Plant Nutrition 20(4): 461-471.

Zahedi, H., Noor-mohammadi, G. H., Shirani-Rad, A. H., Habibi, D., and Mashhadi- Akbar-Boojar, M. A. 2009.
The effects of zeolite and foliar applications of selenium on growth, yield and yield components of three canola
cultivars under drought stress. World Applied Sciences Journal 7(2): 255-262.



Iranian Journal of Field Crops Research el =) Gleipg sy 4 pis
Vol. 14, No. 4, Winter. 2017, p. 723-734 i VYT VTP o IFAB i F oylods IF ul

Effect of Zinc and Salicylic acid Foliar Application on Quantitative and
Qualititative Characteristics of Soybean under Deficit Irrigation Conditions

Z.Zarei' - J. Daneshian’- A. Khorgamy3
Received: 10-05-2015
Accepted: 06-01-2016

Introduction

Soybean (Glycine max (L.) Merrill) is a leguminous annual crop belonging to the Fabaceae family, that
because an important source of food containing 20 to 28 grain oil percent and high protein is the most important
oilseed of worldwide interest. Recently, cultivation of this plant is considered as a valuable oil plant in crop
rotation. Drought, salinity, heat and freezing are environmental conditions that cause adverse effects on the
growth of plants. Water deficit more than other stresses limits the growth of crops. Yield of soybean decreased
due to drought stress. The consumption of fertilizers increases the quality of crops. According to the findings of
Yasari and Vahedi (2012) use of Zn in soil and foliar application has an increasing effect on the percentage and
the amount of oil and protein in soybean product. The role of salicylic acid (SA) isreducing the effects of
environmental stresses. It appears that water stress impairs plants and zinc alleviates water stress injuries. Thus,
the purpose of this study was to evaluate the effect of water stress, zinc and salicylic acid foliar application on oil
and grain protein percentage and their relation with oil and protein yield of soybean.

Materials and Methods

This study was carried out in the agricultural garden of Lorestan-Iran, in 2013. The meteorological data of
the region are representing in Table 2. The soil was clay-loam texture (Table 1). The experiment was performed
using Split factorial in a randomized complete block design with four replications. In this study, main factor was
two levels of irrigation regimes: after 60 (optimum irrigation) and 120 mm (stress) evaporation from evaporation
pan class A and subplot were considered combination of zinc foliar application (Zero and 1 L/ha, in two levels)
and salicylic acid (0, 0.5 and 1 mM). All statistical analyses were carried out using SAS software and the
correlation was done using MSTAT-C program.

Results and Discussions

In the experiment, the traits were affected by the treatments. Water stress significantly decreased grain yield,
the number of grains per m’and oil percent and grain yield. Higher number of grain per m® was at 0.5 mM
(2642.2), while stress reduced the number of grains. Other studies reported similar results in agreement with this
character (Banks, 2004). There were significant changes between the irrigation treatments in grain yield.
Although the application of Zn and SA in all irrigation levels had desirable effects on grain yield, significant
changes not observed in their interactions. However, these effects were significant at simple affects, the
interaction irrigation in Zn and salicylic acid maximum amounts of grain yield were produced under stress
conditions in plots that containing of Zn and 1 mM SA. Increased concentration of salicylic acid and stress has

decreased the oil content (2/4 and 4.7%, respectively), while the protein (9.1%) was increased. Foliar application
of zinc and 0.5 mM salicylic acid increased grain oil (26.23 percent) and protein (39.99 percent) content. Triple
interactions had a significant effect on grain protein and oil content. In the present study, water stress had
significant effect on grain oil content and decreased it by 4%. Zahedi et al (2009) reported that oil percent was
decreased by drought stress, most likely because of a reduction by photosynthesis and assimilate remobilization.
Trials have shown that unfavorable conditions, especially drought, might alter the grain composition and related
qualities (Ayad et al., 2010). Plants in complete irrigation gave a significantly higher oil yield (540/3 kg/ha).

According to the correlation coefficients, oil yield is directly link with grain yield (r= 0.7"") and oil content (r=
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0.75""). Zn and SA spraying had significant increase and positive effects on protein yield trait, as compared to

non-application (Table 6). There were no significant interaction effects between irrigation with Zn and SA
application. Irrigation did not significantly affect grain protein yield (Table3).
Conclusions

The results showed that water stress significantly decreased yield and grain quality. Grain yield, oil and
protein yield were increased by using salicylic acid and zinc under stress conditions. The increase of salicylic
acid concentration decreased oil and protein content. There was a strong correlation between grain yield and oil
and protein yield. In general, the use of zinc and salicylic acid compensated yield reduction due to water stress
and it increased grain quality in plant.

Keywords: Concentration, Drought stress, Grain quality



